US009165897B2

a2 United States Patent 10) Patent No.: US 9,165,897 B2
Lee (45) Date of Patent: Oct. 20, 2015
(54) SEMICONDUCTOR PACKAGE HAVING (58) Field of Classification Search
UNIFIED SEMICONDUCTOR CHIPS CPC ....coonueeeee HO1L 2924/00; HO1L 2224/73265;
1Y Applicant: § £l ies Co.. Ltd HO1L 2224/32145; HO1L 2224/48145
(71)  Applicant: Sggr‘l“g Gegg;"“‘ic_zo (OIER)t " USPC ... 257/E21.237, E21.499, E25.013, 678;
, Uyeongg 438/106, 113, 460
(72) Inventor: In Lee, Hwaseong-si (KR) See application file for complete search history.
(73) Assignee: SAMSUNG ELECTRONICS CO.,
LTD. (KR) (56) References Cited
(*) Notice:  Subject to any disclaimer, the term of this U.S. PATENT DOCUMENTS
patent is extended or adjusted under 35 6.943.430 B2* 92005 K 557/620
,943, WOIL oovvrveienveenneeeneeenns
US.C. 154(b) by 9 days. 7,215,018 B2 5/2007 Vindasius et al.
(21) Appl. No.: 14/028,534 (Continued)
(22) Filed:  Sep. 16,2013 FOREIGN PATENT DOCUMENTS
(65) Prior Publication Data
KR 20050059791 A 6/2005
US 2014/0124956 Al May 8, 2014 KR 100594316 B1  6/2006
(30) Foreign Application Priority Data (Continued)
Nov.5,2012  (KR) .ocovverieerirnn. 10-2012-0124423  Primary Examiner — Jachwan Oh
(74) Attorney, Agent, or Firm — Renaissance IP Law Group
(51) Int. CL. LLP
HOIL 23/00 (2006.01)
HOIL 25/065 (2006.01)
(Continued) 57 ABSTRACT
(52) U.S.CL A semiconductor package includes one or more semiconduc-

CPC HOIL 24/06 (2013.01); G11C 5/02 (2013.01);
HOIL 23/50 (2013.01); HOIL 23/5386
(2013.01); HOIL 24/17 (2013.01); HOIL 24/49
(2013.01); HOIL 24/94 (2013.01); HOIL
25/0657 (2013.01); HOIL 24/05 (2013.01);
HOIL 24/13 (2013.01); HOIL 24/16 (2013.01);
HOIL 24/48 (2013.01); HOIL 25/18 (2013.01);
HOIL 2224/0401 (2013.01); HOIL 2224/04042
(2013.01); HOIL 2224/06155 (2013.01); HOIL
22247131 (2013.01); HOIL 2224/16145
(2013.01); HOIL 2224/16146 (2013.01); HOIL
2224/17155 (2013.01); HOIL 2224/32145
(2013.01); HOIL 2224/48145 (2013.01); HOIL
2224/48227 (2013.01);

(Continued)

tor stack structures mounted on a package board. The semi-
conductor stack structures include sequentially stacked first
to fourth semiconductor devices. Each of the first to fourth
semiconductor devices includes a first unit semiconductor
chip and a second unit semiconductor chip. The first unit
semiconductor chip and the second unit semiconductor chip
are unitary. A method for fabricating the semiconductor pack-
age includes forming pairs of unit semiconductor chips on a
wafer, forming a scribe lane between the pairs of unit semi-
conductor chips, separating the pairs of unit semiconductor
chips into semiconductor devices, each of the semiconductor
devices having a corresponding one pair of unit semiconduc-
tor chips.

20 Claims, 33 Drawing Sheets




US 9,165,897 B2

Page 2
(51) Int.CL 2009/0152692 A1*  6/2009 Chowetal. ................. 257/668
G11C 5/02 (2006.01) 2009/0197372 Al1* 82009 Hanetal. ... ... 438/109
H01L 23/50 (200601) 2009/0230548 Al* 9/2009 Park etal. ........... ... 257/737
Hi 2353 Gonson ot AL 1200 el 26
netal. ..o 257/738
HOIL 25/18 (2006.01) 2010/0311227 Al 12/2010 Hatakeyama et al.
(52) US.CL 2011/0033980 Al1*  2/2011 Chung ........ccccocovrn... 438/109
CPC ..o HOIL 2224/49176 (2013.01); HOIL 2011/0095413 Al* 4/2011 Barthetal. . ... 257/685
2224/73204 (2013.01); HOIL 2224/97 2011/0180916 Al*  7/2011 Han ........... .. 257/676
(2013.01); HOIL 2225/0651 (2013.01); HOIL gg}};géggggz i}: Jggﬁ ghoi etal. : %2;%;
2225/06506 (2013.01); HOIL 2225/06513 ONE ovverrrirnsinssnessene
/ / 2012/0056327 Al 3/2012 Harada et al.
(2013.01); HOIL 2225/06517 (2013.01); HOIL 2012/0171814 Al*  7/2012 Choietal. oo 438/107
2225/06541 (2013.01); HOIL 2225/06562 2012/0317332 Al* 122012 Kwaketal. ..... . 711102
(2013.01) 2013/0099393 Al*  4/2013 Jeongetal. .oooo.ovrece.. 257/777
(56) References Cited FOREIGN PATENT DOCUMENTS
U.S. PATENT DOCUMENTS KR 20060075073 A 7/2006
KR 20110083278 A 7/2011
7,592,237 B2 9/2009 Sakamoto et al. KR 20110107989 A 10/2011
7,795,073 B2 9/2010 Han etal.
8,838,885 B2* 9/2014 Kwaketal. .....c..coo..... 711/103 * cited by examiner



U.S. Patent

33(33a)

Oct. 20, 2015

Sheet 1 of 33

FIG. 1A

33(33h) -

US 9,165,897 B2

34(34b)

e

34(34a)4

32(32a)4
31(31a)-

20{%3(:3:33)_w

(1] lll<lll ARREA B

RS _NUE AEIS SERAA N

¥N NN RANA MEMEY AW

AN

N EIRIX R D
A

50a

50b

-34(34b)

1330330 Lo

-32(32}))Jd
-31(31b)




U.S. Patent Oct. 20, 2015 Sheet 2 of 33 US 9,165,897 B2
FIG. 1C
34340 )~ ¢ ({ -34(34b)
33(33a)~F 2 S 4 -33(33b) L.
Zo{szgszggiiii : . ::;:3§E32b) 20
31(31a)~E = —31(31h)
o ]
S OO C OO0 00000 L\
| N4

T -33(33b)

- 34(34b)
}20

FL _ F—— —32(32b)
/ - F—— —-31(31b)
T
(G/C[C|OC|0 C G
12a.12b 52a,52h 54a,54b 15
5la.5lb 53a,53b



U.S. Patent Oct. 20, 2015 Sheet 3 of 33 US 9,165,897 B2

FIG. 2A

34(34a)

33(33a)
/39( 322)
31(31a)

10b

<34 (341
%3(J>b)/

% 0 (50m)
62 e : Ql(jfb 20
13194
FIG. 2B
10c¢
20
Y
|
{ <
1 PN /531 86
)
/) /P‘K 61,62
\ /T 7

Ay g _li
/Q)QQQQQQQ\

12¢,12d 13 17,18 80,85



U.S. Patent Oct. 20, 2015 Sheet 4 of 33 US 9,165,897 B2

FIG. 2C

| ><34(34p)
L23033m)
B2(320)
31(31h) " 20

]2cb/12(3€/) ] .
85D /62b |

86b NS
12dbN 7,

FIG. 2D




U.S. Patent Oct. 20, 2015 Sheet 5 of 33 US 9,165,897 B2

FIG. Z2e




U.S. Patent

11

Oct. 20, 2015 Sheet 6 of 33

FIG. 3A

10g
B
i
f

US 9,165,897 B2

O'I

I /

/
;) %a ola I%a {54b 5l?b S%b 5’/lb l%b

\\(

[ T \ 7 / /
34(34&)/\\ ) ( .) \). Q \ ( L434(34h)
()O 33(i3:3a>‘>ﬁ\ RE III){III\I tl‘ltlltillll B A RA e | Ill AR III\.I_ *\33(5gb)‘}
. L32<32a)f\—~ raseduasa Giuananaedaai senh arajen —~/‘\32(Qob)J
31311 TR TR T, :: I e e ..\”“ 31(31h)
50a 50h 12b
10h
11 B
) |
(
' S%a SP?a Sga 5/la 1?21 Sﬁlb 5§b 5gb 5/1b lgb
7 I
34(342{)”\_5 % & ( < x \34(34b)1
30 :3: 1 M. A0S 80 (lltll:l\ll \:
: O D< ga) /\ RS A8 ll}l \l anlan X y 33( b) )0
32(328,)'/\\‘—" RN AR AAR_ NS .if.-}l..t-k -X Jll&[ll l,[ll —32( %Zb)f
31(31a)T  eaeeaweas \.:\.:v’ TETAT T RTI EITET] 31(31b)

- v

\; 502 t\; 50b ?
] ‘ \

85a 80 85a



U.S. Patent Oct. 20, 2015 Sheet 7 of 33 US 9,165,897 B2

FIG. 4A

101

21 B
\
I

hop 0

oda 50a 50b ~+o4b
536{7%—:- 2an ml.:m-r-lm l: :l Lan rIl:l MAR AN -L%*E)Sb

520t —farresbarrpababoan fanrn frrsabatanl— 1500
Ol'a\v/-\‘in aan zaa (9 ] an RS _amN a8 Ak A -r"-\—a’:_)lb
123~-—/h‘- AAN MEAS WENAN N EN ANN NANM WaREW ..F\\“’12b

lzcm\.‘l- SN ARNA AREEN RN RN ANE NEUN SAANR Il\//—NlL)d
Slc,,,\,v,ll T T T T T TN TR T T T T T T ey IL_V/—N;_"—ld
- AW RN LR L' 307 0 K BRNAS ¥ Bar N N | TEE T wr ]

e e T
“\_)_3)0“'/ — FRIRN — y \ +53d
Dde 50¢ 50d T 54d

FIG. 4B

EAUNE
21 B
: 5

i
]

54a ] 50a 50b —~+-D4b
538‘“:\\  2n sua flll: P | m-:- e am .L//,._53b
52a_ﬂb\\——ll Saa Beas amNad an ! aw num NEus masad -n——»/ _52b
Slad e ea aa hakan el e ans wese xaken aet——t-01D
12a~J/AII NN MEUS NABNAN NE NN AMA WEeNW MENOW AN /12b

12(:4”*\._4. ASASE SESS ESE ES ES QAN SEER Eaa -k../"“‘li%d
51('.//\,‘,‘.. L ] L] Ty TN Y L4 ] L L] LE R | TUE T _/\\r’ld
g TS WIRTW ST §00 50 S0 WART R TR 000 B ‘3
DZC*_/ ¥ WTWENY TAa N FEN AN WN x- LB RN R | =, \h“jZd

- ol 5 'l !
OSC””/“.- PO e T T T YT Ty LB " M S N Ca N N N AN NN lk\\\m‘w_):%d

. J AN v

54cH 50¢ 50d “54d

22 B



U.S. Patent Oct. 20, 2015 Sheet 8 of 33 US 9,165,897 B2

FIG. 4C

10k
>
11— 50 ’ 50b

12a"-\\,,»‘:. aan flll ’I’I’ I-\ :I ann ’III P.F.I. -:-»»//—»121—)

— L IR R R | LR B L} L | --l\l.. TN LB R | L § L L N
?;la /—j;::- [ K K ] LN K | L] | ] L K | ii LI BE LK [ R K | [ ] L ] ..”\\ ngb
Qﬁa—-/,.-“ B B B B B R A M L' I L e K AMEAs ¥ Aet N | TRy II—\“—_SZb
53a- e ~\\<:*o3b
Hda- ~5H4b

<
i >

21

22

54cwji\‘" +-54d
B AN AUV IO B &
By TETTRTTTR T FERTRIFTITT R TTTR T T P WO |
3] (ol N sy WP T PR PP PPPD ' T PP e 23 K|

12(:_‘ 28 446 BSOS MENEN AN ON ENN NENS NGESN Il—"‘\/lZd

J N

50¢ 50d

\

i
)

50a / 50b

’}:Zam—?u- asass sasg sas I; :I asaEg ssam smnm l:~—/i—\12b

ola/‘» \__/;/-- W L] LK ] T WY :‘: LEJ L] L] LN | LE N ] -.\:_/ <\51b

5284+ s mrmrn e e e 5%

= /“.- T T I T TV aas on T FTTRE T ey .P\\ v

H3a— ///’ —53b

stat” -54b
L >

4 ?‘

54c —+-54d
53(’:_&4- S8 EESA ASEANA NS 'R AN MO BERMAN --‘/Z_SSd
D20~ T e e e bed
‘V)lc\\/““\.- asa gaa (P ¥ | am RS ause ane (P N | II’"‘\-/‘/Sld
1_)1(:-—//—‘:. ass wEaam wEEay I: :I T TRTIIITRIYIIY] l:’\\_,12d

50¢ 50d




U.S. Patent Oct. 20, 2015 Sheet 9 of 33 US 9,165,897 B2

10m
25
A
f
—
=
27{3@\/#
30—k
I
80, 85a r— 35,85b
[ 1 % J
= [P
. \

5152 5354



U.S. Patent Oct. 20, 2015 Sheet 10 of 33 US 9,165,897 B2

F1G. 6A

—.
™



U.S. Patent Oct. 20, 2015 Sheet 11 of 33 US 9,165,897 B2

FIG. 6B




U.S. Patent Oct. 20, 2015 Sheet 12 of 33 US 9,165,897 B2




U.S. Patent Oct. 20, 2015 Sheet 13 of 33 US 9,165,897 B2

FIG. 7A




US 9,165,897 B2

Sheet 14 of 33

Oct. 20, 2015

U.S. Patent

dz "DId



US 9,165,897 B2

Sheet 15 of 33

Oct. 20, 2015

U.S. Patent

IL O



U.S. Patent Oct. 20, 2015 Sheet 16 of 33 US 9,165,897 B2

N
f”""”/\"""’“"\
— —
) N\
& A\

FI1G. 7D




U.S. Patent Oct. 20, 2015 Sheet 17 of 33 US 9,165,897 B2

FIG. 8A
-134(134a)-
190¢ 123(1332)~\ 110a
2041521522 ) )
31(131a)5%¢ :

_—134(134b)
\133('13310)}120

110D

134(134a)-
121 133(133@)\?
= LL‘%QUBZ&) W\

—134(134b)-
133(133h) L+«

~<1.132(132h) { 121

-131(131b)-



U.S. Patent Oct. 20, 2015 Sheet 18 of 33 US 9,165,897 B2

FIG. 8C

r134(134¢ )~

133(133c)
1’0< 135(1370 )\

\l%l(lolc)\=
B\w

33(133a)~
13)(159d)\g

134(134a)~
! o{
13101310

X 154(1d4d)\
21330183A)
~132(132d)

) 101(131d)

' 13’1(10 1b)
\\\ ~133(133b) |3 0o
~132(132h) [~
131(131h)-



U.S. Patent Oct. 20, 2015 Sheet 19 of 33 US 9,165,897 B2

FIG. 9A
110d
70
/
160 [ T—134
150 ;\/132 124
11 132
) 1501 131
OO O O O Qm
)10 155

FIG. 9B

/ [ 1 L 1 [ 1 { 1 I b o

Sl NONCHOReN:

10/0 130 —155




U.S. Patent

FIG. 9C

Oct. 20, 2015

110f

Sheet 20 of 33

134
133
126
—132 }

]
D]
R
) ]
s :
)]

 T—131

US 9,165,897 B2

140
155

OO 0000000 am™



U.S. Patent Oct. 20, 2015 Sheet 21 of 33 US 9,165,897 B2

}127
140
50

1t

134
133
—132
31

T

‘-
R

) 1

e ‘
|
1

OO0 T OO0 OO0 O

it s

ik 2 ek B,

FIG. 9D
11

@ s e Y

O

160
150 —

11
{




U.S. Patent

Oct. 20, 2015

FIG. 10A

i
o {hondanunvio » Smepuacbanib ot

i i I

3&::ﬂ:::ﬂ::: ===

1
|

Sheet 22 of 33

US 9,165,897 B2

P | s DN
S T T .
CICTr T e 08y,
| | s N
[ s s AR
| | s s s
S | s s
| | s s o
R A | o s Y
I | o st Y
| s s s
o | . //
SRR N s | /
D e | s s B
[ N



U.S. Patent Oct. 20, 2015 Sheet 23 of 33 US 9,165,897 B2

10C

FIG.




U.S. Patent Oct. 20, 2015 Sheet 24 of 33 US 9,165,897 B2

10D

FIG.




US 9,165,897 B2

Sheet 25 of 33

Oct. 20, 2015

U.S. Patent

HOT "DId



US 9,165,897 B2

Sheet 26 of 33

Oct. 20, 2015

U.S. Patent

401 "9I4



U.S. Patent Oct. 20, 2015 Sheet 27 of 33 US 9,165,897 B2

FIG. 10G




U.S. Patent Oct. 20, 2015 Sheet 28 of 33 US 9,165,897 B2

FIG. 10H




U.S. Patent Oct. 20, 2015 Sheet 29 of 33 US 9,165,897 B2

11A

FIG.




U.S. Patent Oct. 20, 2015 Sheet 30 of 33 US 9,165,897 B2

11B

FIG.




U.S. Patent Oct. 20, 2015 Sheet 31 of 33 US 9,165,897 B2

11C

FIG.




U.S. Patent

Oct. 20,2015 Sheet 32 of 33
FIG. 12A
2200
2220

2240-—" B |

FIG. 12B

[N
[o%
<o
o

2360

DISPLAY

ﬂ 2350
J

2310

US 9,165,897 B2

7

DISPLAY CONTROLLER

H 2540

[FUNCTION UNIT

& AN

MICROPROCESSOR

POWER SUPPLY

/
2320

/
2380 —fU
/

\
\
2330

2370
EXTERNAL DEVICE




U.S. Patent Oct. 20, 2015 Sheet 33 of 33 US 9,165,897 B2

FIG. 12C

MICROPROCESSOR K——> K—> MEMORY

@ 2416 2418
/ /

RAM < —— > USER INTERFACE




US 9,165,897 B2

1
SEMICONDUCTOR PACKAGE HAVING
UNIFIED SEMICONDUCTOR CHIPS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §119 to
Korean Patent Application No. 10-2012-0124423 filed on
Now. 5, 2012, the disclosure of which is hereby incorporated
by reference in its entirety.

BACKGROUND

1. Field

Embodiments of the inventive concept relate to a semicon-
ductor package, and more particularly to a semiconductor
package including unified semiconductor chips.

2. Description of Related Art

As semiconductor packages are improved to be small and
thin, technology for horizontally arranging and vertically
stacking the semiconductor packages is more frequently
being applied.

SUMMARY

Embodiments of the inventive concept provide a semicon-
ductor package having a semiconductor stack structure con-
figured to reduce the area occupied.

Other embodiments of the inventive concept provide a
semiconductor package in which semiconductor devices hav-
ing a plurality of horizontally arranged unit semiconductor
chips are vertically stacked.

Still other embodiments of the inventive concept provide
methods of fabricating semiconductor packages having semi-
conductor stack structures configured to reduce the area occu-
pied.

Still other embodiments of the inventive concept provide
methods of fabricating semiconductor packages in which
semiconductor devices having a plurality of horizontally
arranged unit semiconductor chips are vertically stacked.

The technical objectives of the inventive concept are not
limited to the above disclosure; other objectives may become
apparent to those of ordinary skill in the art based on the
following descriptions.

In accordance with an aspect of the inventive concept, a
semiconductor package includes a semiconductor stack
structure mounted on a package board. The semiconductor
stack structure may include sequentially stacked first to
fourth semiconductor devices, each of the first to fourth semi-
conductor devices includes a first unit semiconductor chip
and a second unit semiconductor chip, and the first unit semi-
conductor chip and the second unit semiconductor chip are
unified at a wafer-level.

Each of the first to fourth semiconductor devices further
comprises a corresponding boundary region located between
the first unit semiconductor chip and the second unit semi-
conductor chip. The boundary regions of the first to fourth
semiconductor devices may be vertically aligned. Each of the
boundary regions of the first to fourth semiconductor devices
may include a scribe lane. Top surfaces and bottom surfaces
of'the first unit semiconductor chip, the second unit semicon-
ductor chip, and the corresponding boundary region may be
horizontally flat. The first unit semiconductor chip, the sec-
ond unit semiconductor chip, and the corresponding bound-
ary region may be horizontally physically continuous for
each of the first to fourth semiconductor devices.
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2

In accordance with another aspect of the inventive concept,
a semiconductor package may include a semiconductor stack
structure mounted on a package board. The semiconductor
stack structure may include sequentially stacked semicon-
ductor devices which are structurally the same as each other.
Each of the structurally same semiconductor devices may
include a plurality of unit semiconductor chips. The plurality
of unit semiconductor chips may be structurally the same as
each other. The plurality of the structurally same unit semi-
conductor chips included in one semiconductor device from
among the semiconductor devices, may be unitary and physi-
cally continuous with each other.

A method for fabricating a semiconductor package may
include forming a plurality of pairs of unit semiconductor
chips on a wafer, forming a scribe lane between individual
unit semiconductor chips from among each of the plurality of
pairs of unit semiconductor chips, and separating the pairs of
unit semiconductor chips into a plurality of semiconductor
devices, each of the semiconductor devices having a corre-
sponding one pair of unit semiconductor chips from among
the plurality of pairs of unit semiconductor chips.

Details of other embodiments are included in the detailed
description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantages of the
inventive concepts will be apparent from the more particular
description of preferred embodiments of the inventive con-
cepts, as illustrated in the accompanying drawings in which
like reference characters refer to the same parts throughout
the different views. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating the principles
of the inventive concepts. In the drawings:

FIGS. 1A to 1D are a perspective view, a top view, a vertical
cross-sectional view, and a side view, respectively, schemati-
cally showing a semiconductor package in accordance with
an embodiment of the inventive concept;

FIGS. 2A to 2E are a first perspective view, a side view, a
second perspective view, a third perspective view, and a
fourth perspective view, respectively, schematically showing
semiconductor packages in accordance with various embodi-
ments of the inventive concept;

FIGS. 3A and 3B are a first top layout view and a second
top layout view, respectively, schematically showing semi-
conductor packages in accordance with various embodiments
of the inventive concept;

FIGS. 4A to 4D are first to fourth top views, respectively,
schematically showing semiconductor packages in accor-
dance with various embodiments of the inventive concept;

FIGS. 5A and 5B are a perspective view and a side view,
respectively, schematically showing semiconductor packages
in accordance with various embodiments of the inventive
concept;

FIGS. 6A to 6C are first to third perspective views, respec-
tively, schematically showing semiconductor packages in
accordance with various embodiments of the inventive con-
cept;

FIGS. 7A to 7D are first to fourth perspective views,
respectively, schematically showing semiconductor packages
in accordance with various embodiments of the inventive
concept;

FIGS. 8A to 8C are first to third perspective views, respec-
tively, schematically showing semiconductor packages in
accordance with various embodiments of the inventive con-
cept;
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FIGS. 9A to 9D are first to fourth side views, respectively,
schematically showing semiconductor packages in accor-
dance with various embodiments of the inventive concept;

FIGS. 10A to 10H and FIGS. 11A to 11C are schematic
views illustrating methods of fabricating semiconductor
packages in accordance with embodiments of the inventive
concept;

FIG. 12A is a view schematically showing a semiconduc-
tor module including at least one semiconductor package in
accordance with various embodiments of the inventive con-
cept;

FIGS. 12B and 12C are block diagrams schematically
showing electrical systems including at least one semicon-
ductor package in accordance with various embodiments of
the inventive concept; and

FIG. 12D is a view schematically showing a mobile appa-
ratus including at least one semiconductor package in accor-
dance with various embodiments of the inventive concept.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Various embodiments will now be described more fully
with reference to the accompanying drawings in which some
embodiments are shown. These inventive concepts may, how-
ever, be embodied in different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure is
thorough, complete, and fully conveys the inventive concept
to those skilled in the art. In the drawings, the sizes and
relative sizes of layers and regions may be exaggerated for
clarity.

It will be understood that when an element is referred to as
being “connected” or “coupled” to another element, it can be
directly connected or coupled to the other element, or inter-
vening elements may be present. In contrast, when an element
is referred to as being “directly connected” or “directly
coupled” to another element, there are no intervening ele-
ments. Other words used to describe relationships between
elements should be interpreted in a like fashion (i.e.,
“between” versus “directly between,” “adjacent” versus
“directly adjacent,” etc.).

It will be understood that, although the terms first, second,
A, B, etc. may be used herein in reference to elements of the
invention, such elements should not be construed as limited
by these terms. For example, a first element could be termed
a second element, and a second element could be termed a
first element, without departing from the scope of the inven-
tive concepts. Herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element’s or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the term
“below” can encompass both an orientation of above and
below. The device may be otherwise oriented (e.g., rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein to describe embodiments of
the invention is not intended to limit the scope of the inven-
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tion. The articles an,” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. In other words, elements of the invention referred
to in the singular may number one or more, unless the context
clearly indicates otherwise. It will be further understood that
the terms “comprises,” “comprising,” “includes,” and/or
“including,” when used herein, specify the presence of stated
features, items, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, items, steps, operations, elements, com-
ponents, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein are to be interpreted as is
customary in the art to which this invention belongs. It will be
further understood that terms in common usage should also
be interpreted as is customary in the relevant art and not in an
idealized or overly formal sense unless expressly so defined
herein.

FIGS. 1A to 1D are a perspective view, a top view, a vertical
cross-sectional view, and a side view, respectively, schemati-
cally showing a semiconductor package in accordance with
an embodiment of the inventive concept.

Referring to FIGS. 1A to 1D, the semiconductor package
104 in accordance with an embodiment may include a semi-
conductor stack structure 20 mounted on a package board 11.
The semiconductor stack structure 20 may include a plurality
of semiconductor devices 31 to 34 stacked in a form of a
unidirectional cascade. For example, the semiconductor
devices 31 to 34 may be stacked in forms of steps to expose
parts of upper surfaces thereof. Although four-story stack
semiconductor devices 31 to 34 are illustrated in the draw-
ings, the semiconductor devices may be stacked in incre-
ments greater than four-stories, preferably to a number cor-
responding to a multiple of four.

Chip pads 51a to 54a and 515 to 545 may be arranged on
the exposed upper surface of each of the semiconductor
devices 31 to 34, respectively. The chip pads 51a to 54a and
515 to 54b of each of the semiconductor devices 31 to 34,
respectively, may be arranged in the same shape. For
example, each of the chip pads 51a to 54a may have a first
array 50a, and each of the chip pads 515 to 545 may have a
second array 504, as shown in FIG. 1B. The first array 50a
may have similar structural characteristics as the second array
504. The first array 50a may be the same, or have the same
structural characteristics, as the second array 505. In addition,
chip pads corresponding to the same relative positions among
the chip pads (e.g., 51a to 54a and 515 to 54b) of each of the
semiconductor devices 31 to 34, respectively, may be electri-
cally connected to each other sequentially through bonding
wires 60. Although the terms “wire” and “wires” are used
herein, it will be understood that any suitable conductor can
be used when referring to such terms. For example, arbitrary
Nith chip pads 51a to 54a of the semiconductor devices 31 to
34, respectively, may be electrically connected to each other.
Similarly, arbitrary Nth chip pads 515 to 545 of the semicon-
ductor devices 31 to 34, respectively, may be electrically
connected to each other. Only a few bonding wires 60 are
illustrated in the drawings in order to prevent the drawings
from being unnecessarily complicated. It will be understood,
however, that bonding wires 60 can be similarly disposed on
other chip pads of'the respective semiconductor devices 31 to
34. The chip pads 51a to 54a and 515 to 545 may be arranged
to be adjacent to one edge of each of the semiconductor
devices 31 to 34, respectively. But differently, the chip pads
51a to 54a and 515 to 545 may be arranged to be adjacent to
a long edge of each of the semiconductor devices 31 to 34,
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respectively, and arranged not to be adjacent to the other three
edges (among four total edges) of each of the semiconductor
devices 31 to 34.

Each of the semiconductor devices 31 to 34 may include
semiconductor chips 31a to 34a, respectively, and semicon-
ductor chips 315 to 345, respectively. First and second unit
semiconductor chips may include, for example, a pair of chips
such as 31a and 315 (i.e., 31a/315). The pairs of first and
second unit semiconductor chips (e.g., 31a/31b, 32a/32b,
33a/33b, and 34a/345) included in one of the semiconductor
devices 31 to 34 may be unified or un-divided from a wafer. In
addition, the pairs of first and second unit semiconductor
chips may be horizontally physically continuous. For
example, each of the pairs of first and second unit semicon-
ductor chips (e.g., 31a/31b, 32a/32b, 33a/33b, and 34a/34b)
may be in a wafer-level state where the pairs of first and
second unit semiconductor chips (e.g., 31a/31b, 32a/32b,
33a/33b, and 34a/34b) are not divided or sawn. Accordingly,
boundary regions B may exist between the pairs of first and
second unit semiconductor chips 31a/315b, 32a/32b,33a/335,
and 34a/34b. The boundary regions B may correspond to
scribe lanes in the wafer. The boundary regions B of the
semiconductor devices 31 to 34 may be vertically aligned.
Various test element groups (TEG) and/or alignment key
patterns may exist in the boundary regions B.

Since the boundary regions B may be parts of the wafer, the
boundary regions B may include single crystalline silicon,
silicon oxide, silicon nitride, a metal, etc. Single crystalline
silicon, silicon oxide, silicon nitride, a metal, etc. may be
horizontally continuous in the pairs of first and second unit
semiconductor chips 31a/31b, 32a/32b, 33a/33b, and 34a/
345 and the boundary regions B. Each of the pairs of first and
second unit semiconductor chips 31a/315b, 32a/32b,33a/335,
and 34a/34b and the associated boundary region from among
the boundary regions B may have co-planar bottom surfaces.
For example, the pairs of first and second unit semiconductor
chips 31a/31b, 32a/32b, 33a/33b, and 34a/34b and the asso-
ciated boundary region from among the boundary regions B
may be ground at the same time, and therefore have the same
flat bottom surfaces. In addition, the pairs of first and second
unit semiconductor chips 31a/31b, 32a/32b, 33a/33b, and
344/34b and the associated boundary region from among the
boundary regions B may have substantially co-planar top
surfaces.

The pairs of first and second unit semiconductor chips
31a/315b, 32a/32b, 33a/33b, and 34a/345 and the associated
boundary region from among the boundary regions B may
pass through the same process, and therefore have substan-
tially the same top surfaces. Moreover, the pairs of first and
second unit semiconductor chips 31a/315b, 32a/32b,33a/335,
and 34a/34b may be the same as each other. For example, the
pairs of first and second unit semiconductor chips 31a to 34a
and 315 to 34b, respectively, included in a semiconductor
device 31 to 34 may be twins. Accordingly, the pairs of first
and second chip pads 51a/51b, 52a/52b, 53a/53b, and 54a/
545 of the pairs of first and second unit semiconductor chips
31a/31b, 32a/32b, 33a/33b, and 34a/34b, respectively, may
have the same array as each other. For example, arbitrary Nth
chip pads 51a to 54a of the first unit semiconductor chips 31a
to 34a, respectively, may be electrically connected to each
other through the bonding wires 60. In addition, arbitrary Nth
chip pads 515 to 545 of the second unit semiconductor chips
315 to 34b, respectively, may be electrically connected to
each other through the bonding wires 60.

The package board 11 may include a printed circuit board
(PCB). The package board 11 may include first and second
board pads 12a and 1256 arranged adjacent to the first and
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second chip pads 51a and 515 of the lowermost semiconduc-
tor device 31. The first and second board pads 12a and 125
may include the same array pattern as each of the pairs of first
and second chip pads 51a/51b, 52a/52b, 53a/53b, and 54a/
545 of the semiconductor devices 31 to 34. Some of the first
and second board pads 12a and 125 arranged adjacent to the
first and second chip pads 51a and 515 of the lowermost
semiconductor device 31 may be electrically connected to
some of the adjacent first and second chip pads 51a and 516
having substantially the same locations, through the bonding
wires 60.

A die attach film (DAF) 70 may be formed between the
package board 11 and the lowermost semiconductor device
31, and between the semiconductor devices 32 to 34. The die
attach film 70 may be formed on a part of or entirely cover
each bottom surface of the semiconductor devices 31 to 34.
The die attach film 70 may include an adhesive resin.

Bump pads 14 and bumps 15 may be arranged in a bottom
region of the package board 11, as shown in FIG. 1C. The
bump pads 14 may be electrically connected to the first and
second board pads 12a and 126. The bumps 15 may provide
electrical connections with a motherboard or a module board.

Since the semiconductor package 10« in accordance with
the embodiment includes horizontally continuously arranged
pairs of first and second unit semiconductor chips 31a/315,
32a/32b, 33a/33b, and 34a/34b, the semiconductor package
10a may have improved integration by as much as two times,
while having the same vertical stack height. For example,
since each of the pairs of first and second unit semiconductor
chips 31a/31b, 32a/32b, 33a/33b, and 34a/34b are stacked
without being cut at the wafer-level, the distance between the
pairs of first and second unit semiconductor chips 31a/315,
32a/32b,33a/33b, and 34a/345 may be minimized. I[f each of
the pairs of first and second unit semiconductor chips 31a/
31b, 32a/32b, 33a/33b, and 34a/34b are cut and stacked,
horizontally occupying areas of each the semiconductor
devices 31, 32, 33, and 34 and/or each of the pairs of first and
second unit semiconductor chips 31a/315, 32a/32b,33a/335,
and 34a/34b on the package board 11 would be large since a
space or a filling material would need to be formed between
the pairs of first and second unit semiconductor chips 31a/
315b,32a/32b,33a/33b, and 34a/34b. However, in accordance
with the inventive concept, the semiconductor package 10a is
small and highly integrated since the horizontally occupying
areas of each the semiconductor devices 31 to 34 and/or each
of the pairs of first and second unit semiconductor chips
31a/31b, 32a/32b, 33a/33b, and 34a/34b on the package
board 11 are minimized

FIGS. 2A to 2E are schematic perspective views and side
views of semiconductor packages 105 to 107, respectively, in
accordance with various embodiments of the inventive con-
cept.

Referring to FIGS. 2A and 2B, the semiconductor pack-
ages 105 and 10c¢ in accordance with the embodiments may
include a semiconductor stack structure 20, a control device
80, and a buffering device 85 mounted on a package board 11.

Referring further to FIG. 2A, the semiconductor package
105 in accordance with an embodiment may include a control
device 80 and a buffering device 85 arranged on the package
board 11 to be adjacent to board pads 12¢ and 12d of the
package board 11. The control device 80 may transfer various
command signals to the semiconductor devices 31 to 34. For
example, the control device 80 may transfer an enable and/or
disable command signal, a selection command signal, and an
address information signal, etc., to the semiconductor devices
31 to 34. The buffering device 85 may buffer data signals
communicated between the control device 80 and the semi-
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conductor devices 31 to 34. A control pad 81 of the control
device 80 may be electrically connected to a control board
pad 17 through a control wire 61. The control board pad 17
may be electrically connected to the board pad 12¢, which
transfers a control signal, through a board wire 13.

Similarly, a buffering pad 86 of the buffering device 85
may be electrically connected to a buffering board pad 18
through a buffering wire 62. The buffering board pad 18 may
be electrically connected to a board pad 124, which transfers
data signals, through the board wire 13.

Referring to FIG. 2B, the semiconductor package 10c¢ in
accordance with an embodiment of the inventive concept may
include a control device 80 and/or a buffering device 85
arranged in a shady area SA of the semiconductor stack
structure 20. It will be understood that the term “shady area”
is a term used to describe a particular area, as shown in the
figures, and actual light or shade need not be present. In other
embodiments, the control device 80 and/or the buffering
device 85 may be arranged so that it is completely covered by
the shady area SA of the semiconductor stack structure 20.

Referring again to FIGS. 2A and 2B, the control pad 81
and/or the buffering pad 86 of the control device 80 and/or the
buffering device 85 may be electrically connected to at least
one of the board pads 12¢ and 12d through a board wire 13. At
least one of the pads may be electrically connected to a bump
pad 14 through another board wire 13. The board wire 13 may
be inserted in the package board 11, or the board wire 13 may
include a metal lead frame separated from the package board
11. In the embodiments, a single control device 80 may con-
trol all semiconductor devices 31 to 34 and/or all unit semi-
conductor chips 31a/31b, 32a/32b, 33a/33b, and 34a/34b. A
single buffering device 85 may buffer data signals for all of
the semiconductor devices 31 to 34 and/or all of the pairs of
unit semiconductor chips 31a/31b, 32a/32b, 33a/33b, and
344/34b that communicate with the control device 80.

Referring to FIG. 2C, the semiconductor package 104 in
accordance with an embodiment may include a control device
80 and two buffering devices 85a and 855. The buffering
devices 854 and 85h may correspond to the pairs of first and
second unit semiconductor chips 31a/315b, 32a/32b,33a/335,
and 34a/34b, respectively. In other words, each of the semi-
conductor devices 31 to 34 includes a pair of the first and
second unit semiconductor chips (e.g., 31a/31b, 32a/32b,
33a/33b, and 34a/34b), and the buffering devices 85a and 855
are respectively associated with the pair of the first and sec-
ond unit semiconductor chips.

The control device 80 may transfer various command sig-
nals to the semiconductor devices 31 to 34. For example, the
control device 80 may transfer an enable and/or disable com-
mand signal, a selection command signal, and an address
information signal, etc., to the semiconductor devices 31 to
34. The buffering devices 85a and 856 may buffer data signals
communicated between the control device 80 and the semi-
conductor devices 31 to 34. A control pad 815 of the control
device 80 may be electrically connected to a control board
pad 12¢b through a control wire 615. The control board pad
12¢b may be electrically connected to a board pad 12c¢d,
which transfers a control signal, through a board wire 12ce.
Another control pad 81a of the control device 80 may be
electrically connected to a control board pad 12¢a through a
control wire 61a. The control board pad 12ca may be electri-
cally connected to a board pad 12¢f, which transfers a control
signal, through a board wire 12¢g.

Each of two buffering devices 85a and 856 may commu-
nicate with different semiconductor chips 31a to 34a and 316
to 345, respectively. For example, the first unit semiconductor
chips 31a to 34a located at the left of each semiconductor
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device from 31 to 34 may independently communicate with
the buffering device 854 located at the left, and the second
unit semiconductor chips 315 to 345 located at the right of
each semiconductor device from 31 to 34 may independently
communicate with the buffering device 855 located at the
right. A first buffering pad 86a of the first buffering device
85a located at the left in FIG. 2C may be electrically con-
nected to a board pad 12a through a first buffering wire 62a,
afirst buffering board pad 12da, and/or a first board wire 13a.
A second buffering pad 865 of the second buffering device
85b located at the right in FIG. 2C may be electrically con-
nected to a board pad 124 through a second buffering wire
625, a second buffering board pad 12db, and a second board
wire 13b. The buffering devices 854 and 855 may be arranged
on a package board 11 to be adjacent to each of the pairs of
unit semiconductor chips 31a/31b, 32a/32b, 33a/33b, and
34a/34b and board pads 12. Referring to the combination of
FIGS. 2B and 2C, the buffering devices 854 and 856 may be
arranged in a shady area SA.

Referring to FIG. 2D, the semiconductor package 10e in
accordance with an embodiment may include a buffering
device 85 arranged to be adjacent to one of the short edges of
a semiconductor stack structure 20 on a package board 11.
The buffering pad 86 may be electrically connected to a board
pad 124 for buffering through a buffering wire 62, and to
board pads 12a and 1256 through a board wire 13. For
example, a single buffering pad 86 may be electrically con-
nected to two or more board pads 12a and 125. For example,
the semiconductor package 10e in accordance with the
embodiment of the inventive concept may be effectively
applied when the lengths of the short edges of the semicon-
ductor stack structure 20 are of critical concern.

Referring to FIG. 2E, the semiconductor package 10f'in
accordance with an embodiment may include two buffering
devices 85a and 856 arranged to be adjacent to two short
edges of a semiconductor stack structure 20 on a package
board 11. In other embodiments, one of the buffering devices
85a and 855 may be the control device 80 described in FIG.
2A or FIG. 2C.

Referring again to FIGS. 2A to 2E, arbitrary Nth chip pads
of the semiconductor devices 31 to 34 or pairs of unit semi-
conductor chips 31a/31b, 32a/32b, 33a/33b, and 34a/34b
may be electrically connected to the buffering device 85 (or
devices) through the bonding wires (e.g., 60), board pads
(e.g., 12d, 12da, and 12db), board wires (e.g., 13, 13a, and
135), and/or the buffering pads (e.g., 86, 86a, and 865).

When the semiconductor packages 105 to 10/ include two
or more buffering devices 85a and 855, a data input/output
channel becomes wider, the time for performing input/output
is reduced, and data may become shortened, thereby allowing
a high speed semiconductor device and system to be imple-
mented. In addition, each of the buffering devices 85a and
85h may operate independently. In addition, a data read
operation and a data write operation may be performed simul-
taneously.

FIGS. 3A and 3B are schematic layout views of semicon-
ductor packages 10g and 10/ in accordance with embodi-
ments of the inventive concept.

Referring to FIG. 3A, the semiconductor package 10g in
accordance with an embodiment may include a semiconduc-
tor stack structure 20 having a plurality of semiconductor
devices 31 to 34 stacked in a form of a unidirectional cascade
on a package board 11. Each of the semiconductor devices 31
to 34 may include pairs of chip pads 51a/51b, 52a/52b, 53a/
53b, and 54a/54b arranged in bilateral symmetry. In addition,
each of the semiconductor devices 31 to 34 may include pairs
of first and second unit semiconductor chips 31a/315, 324/
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32b,33a/33b, and 34a/345b. The pairs of first and second unit
semiconductor chips 31a/31b, 32a/32b, 33a/33b, and 34a/
345 may include the pairs of first and second chip pads 51a/
51b, 52a/52b, 53a/53b, and 54a/54b with mirrored first and
second arrays 50a and 505. Board pads 12a and 1256 having
the same first and second arrays 50a and 504, respectively, as
the pairs of first and second chip pads 51a/51b, 52a/52b,
53a/53b, and 54a/54b, respectively, may be arranged on the
package board 11. For example, the board pads 12a and 126
may also have or otherwise be associated with the mirrored
first and second arrays 50a and 505, respectively. Other com-
ponents that are not described may be understood with refer-
ence to FIGS. 1A to 1D.

Referring to FIG. 3B, the semiconductor package 10/ in
accordance with an embodiment may include pairs of first
and second chip pads 51a/51b, 52a/52b, 53a/53b, and 54a/
545 and/or first and second board pads 12a and 125 having or
otherwise associated with first and second arrays 50a and
504, respectively, in bilateral symmetry. In addition, the semi-
conductor package 10/~ may include a control device 80, a
first buffering device 854, and a second buffering device 855.
For example, the control device 80 may be arranged on a
package board 11 to be adjacent to a boundary region B. Each
of'the first and second buffering devices 854 and 856 may be
respectively arranged at each side of the control device 80
such that they are adjacent to the pairs of first and second unit
semiconductor chips 31a/31b, 32a/32b, 33a/33b, and 34a/
34H. Example electrical connections between the control
device 80 and the first and second buffering devices 85a and
855 are illustrated and described above, and are therefore
omitted in FIG. 3B.

Referring back to FIG. 2A, the semiconductor packages
10g and 10/ (of FIGS. 3A and 3B) may include a single
buffering device (e.g., 85) only. Referring back to FIG. 2B,
the semiconductor packages 10g and 10% (of FIGS. 3A and
3B) may include the control device 80 and/or the buffering
device 85 arranged at a shady area SA of the semiconductor
stack structure 20. Referring back to FIGS. 2D and 2E, the
semiconductor packages 10g and 10/ (of FIGS. 3A and 3B)
may include the control device 80 and/or the first and second
buffering devices 854 and 855 arranged to be adjacent to the
short edges of the semiconductor stack structures 20.

Since the semiconductor packages 10a to 10/ described in
FIGS. 1A to 3B include pairs of the first and second chip pads
51a/51b, 52a/52b, 53a/53b, and 54a/54b, and the first and
second board pads 12a and 124 arranged in various forms, the
semiconductor packages 10a to 10/ may be applied to various
forms of arrangement of input/output circuits or terminals.
For example, the package board 11 may include various inter-
nal routings depending on the first and second arrays 50a and
506 of the first and second board pads 12a and 125, respec-
tively. The internal routings may be diversified and/or simpli-
fied depending on the pairs of first and second chip pads
51a/51b, 52a/52b, 53a/53b, and 54a/545b or the first and sec-
ond board pads 12a¢ and 125 having the same array or mir-
rored array. Accordingly, the pairs of first and second chip
pads 51a/51b, 52a/52b, 53a/53b, and 54a/54b or the first and
second board pads 12a and 1256 arranged in various forms
may increase the degree of freedom in circuit design of the
semiconductor packages 10a to 107, semiconductor devices
31 to 34, and/or the pairs of unit semiconductor chips 31a/
315, 32a/32b, 33a/33b, and 34a/34b. For example, when the
semiconductor stack structure 20 includes a control device 80
and one or more buffering devices 85a and 855, control board
pads (e.g., 12ca and 12¢b of FIG. 2C) connected to the control
device 80 may be arranged to be adjacent to the boundary
region B, and buffering board pads (e.g., 12da and 12db of
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FIG. 2C) connected to buffering devices (e.g., 85, 854, and
85b) may be arranged to be relatively further away from the
boundary region B.

FIGS. 4A to 4D are schematic top views of semiconductor
packages 10i and 105 in accordance with embodiments of the
inventive concept.

Referring to FIG. 4A, the semiconductor package 10i in
accordance with an embodiment may include a first stack
structure 21 and a second stack structure 22 stacked to face
each other on the package board 11. First and second arrays
50a and 505 of pairs of first and second chip pads 51a/515,
52a/52b, 53a/53b, and 54a/54b and/or first and second board
pads 12a and 126 in the first stack structure 21, and third and
fourth arrays 50c¢ and 50d of pairs of third and fourth chip
pads 51¢/51d, 52¢/52d,53¢/53d, and 54¢/54d and/or third and
fourth board pads 12¢ and 124 in the second stack structure
22, may face each other in the relation of axial symmetric
states or mirroring states.

Referring to FIG. 4B, the semiconductor package 10; in
accordance with an embodiment of the inventive concept may
include a first stack structure 21 and a second stack structure
22 stacked to face each other on a package board 11. The first
stack structure 21 and the second stack structure 22 may have
the same shape. For example, the first and second arrays 50a
and 505 of the pairs of first and second chip pads 51a/515,
52a/52b, 53a/53b, and 54a/54b and/or first and second board
pads 12a and 126 in the first stack structure 21, and third and
fourth arrays 50c¢ and 50d of pairs of third and fourth chip
pads 51¢/51d, 52¢/52d,53¢/53d, and 54¢/54d and/or third and
fourth board pads 12¢ and 124 in the second stack structure
22, may be in the relation of point symmetry to each other.

Referring to FIG. 4C, the semiconductor package 10% in
accordance with an embodiment may include a first stack
structure 21 and a second stack structure 22 stacked to face
opposite directions from each other on a package board 11.
First and second arrays 50a and 506 of pairs of first and
second chip pads 51a/51b, 52a/52b, 53a/53b, and 54a/54b
and/or first and second board pads 12a¢ and 124 in the first
stack structure 21, and third and fourth arrays 50¢ and 504 of
pairs of third and fourth chip pads 51¢/51d, 52¢/52d,53¢/53d,
and 54¢/54d and/or third and fourth board pads 12c and 12d in
the second stack structure 22, may face each other or face
opposite directions from each other in the relation of line
symmetry.

Referring to FIG. 4D, the semiconductor package 101 in
accordance with an embodiment may include a first stack
structure 21 and a second stack structure 22 stacked to face
opposite directions from each other on a package board 11.
The first stack structure 21 and the second stack structure 22
may have the same shape. For example, the first and second
arrays 50a and 505 of pairs of the first and second chip pads
51a/51b, 52a/52b, 53a/53b, and 54a/54b and/or first and
second board pads 12a and 126 in the first stack structure 21,
and third and fourth arrays 50¢ and 50d of pairs of third and
fourth chip pads 51¢/51d, 52¢/52d, 53¢/53d, and 54c¢/54d
and/or third and fourth board pads 12¢ and 124 in the second
stack structure 22, may be in the relation of point symmetry to
each other.

Referring back to FIGS. 2A and 2B, the semiconductor
packages 10i to 10/ (of FIGS. 4A to 4D) may include a control
device 80 and at least one buffering device 85 arranged in
various locations. The control device 80 and/or the buffering
device 85 may be arranged between the first stack structure 21
and the second stack structure 22, at both sides of the first
stack structure 21 and second stack structure 22, and/or in
shady areas SA of the first stack structure 21 and second stack
structure 22.
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Referring back to FIG. 2C, the semiconductor packages
10/ to 10/ (of FIGS. 4A to 4D) may include first and second
buffering devices 85a and 855 to correspond to the first stack
structure 21 and the second stack structure 22, respectively. In
other embodiments, the semiconductor packages 10i to 10/
may include first to fourth buffering devices (e.g., such as 85,
854, and 85b) each associated with a corresponding group of
four unit semiconductor chips 51a to 51d, 52a to 52d, 53a to
53d, and 54a to 54d stacked on the same layer.

Referring back to FIGS. 2D to 2F, the semiconductor pack-
ages 107 to 10/ (of FIGS. 4A to 4D) may include a control
device 80 and/or two or four buffering devices (e.g., such as
85a and 85b) arranged to be adjacent to short edges of the first
and second semiconductor stack structures 21 and 22.

FIGS. 5A and 5B are a perspective view and a side view,
respectively, schematically showing semiconductor packages
in accordance with various embodiments of the inventive
concept.

Referring to FIGS. 5A and 5B, the semiconductor package
10m in accordance with an embodiment may include a semi-
conductor stack structure 25 having a plurality of semicon-
ductor devices 31 to 38 stacked in a form of a bi-directional
cascade. For example, the semiconductor stack structure 25
may include a lower stack structure 26 in which first to fourth
semiconductor devices 31 to 34 are stacked in cascade in a
first horizontal direction D1, and an upper stack structure 27
in which fifth to eighth semiconductor devices 35 to 38 are
stacked in cascade in a second horizontal direction D2 on the
lower stack structure 26. The first horizontal direction D1 and
the second horizontal direction D2 may be horizontally oppo-
site directions from each other. Accordingly, chip pads 51 to
54 of the first to fourth semiconductor devices 31 to 34 in the
lower stack structure 26, and chip pads 55 to 58 of the fifth to
eighth semiconductor devices 35 to 38 in the upper stack
structure 27 may be arranged to be opposite from each other.
The chip pads 51 to 54 of the first to fourth semiconductor
devices 31 to 34 in the lower stack structure 26 and the chip
pads 55 to 58 of the fifth to eighth semiconductor devices 35
to 38 in the upper stack structure 27 may be arranged in the
relation of point symmetry to each other.

Referring further to FIG. 5B, the semiconductor package
10m in accordance with an embodiment may include a con-
trol device 80 and a single buffering device (e.g., 85). In other
embodiments, the semiconductor package 10m may include
two buffering devices (e.g., 85a and 85b). For example, the
semiconductor package 10m may include a first buffering
device 85a arranged adjacent to the chip pads 51 to 54 of the
first to fourth semiconductor devices 31 to 34 in the lower
stack structure 26, and a second buffering device 855
arranged adjacent to the chip pads 55 to 58 of the fifth to
eighth semiconductor devices 35 to 38 in the upper stack
structure 27. Electrical connections of the control device 80
and/or the buffering devices 85, 854, and 855 may be under-
stood with reference to the drawings attached to the specifi-
cation.

Referring back to FIGS. 2D and 2E, the control device 80
and/or the buffering devices 85, 854, and 855 (of FIGS. 5A
and 5B) may be arranged adjacent to the short edges of the
semiconductor stack structure 20.

FIGS. 6A to 6C are schematic perspective views of semi-
conductor packages 107 to 10p in accordance with embodi-
ments of the inventive concept. Referring to FIG. 6A, the
semiconductor package 10z in accordance with an embodi-
ment may include two semiconductor stack structures 25
arranged in parallel on a package board 11. The semiconduc-
tor stack structures 25 may be structurally the same as each
other, and oriented and stacked in the same direction. Refer-
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ring to FIG. 6B, the semiconductor package 100 in accor-
dance with an embodiment may include a first semiconductor
stack structure 254 and a second semiconductor stack struc-
ture 255, which are stacked to face each other. The semicon-
ductor stack structures 25a and 255 may be structurally the
same as each other, but oriented and stacked to face opposite
directions from each other. Referring further to FIG. 6C, the
semiconductor package 10p in accordance with an embodi-
ment may include a first semiconductor stack structure 25a
and a second semiconductor stack structure 255 which are
oriented and stacked to face opposite directions from each
other. Each ofthe semiconductor stack structures 25, 254, and
25h may be understood with further reference to FIGS. 5A
and 5B. Referring to other drawings of this specification, the
semiconductor packages 10z to 10p may further include a
control device 80 and/or buffering devices 85, 854, and 855
which can be arranged in various locations, as described in
detail above. In other embodiments, the control device 80
and/or the buffering devices 85, 854, and 856 may be
arranged between the first semiconductor stack structure 254
and the second semiconductor stack structure 255.

FIGS. 7A to 7D are schematic perspective views of semi-
conductor packages 10¢q to 10¢ in accordance with embodi-
ments of the inventive concept.

Referring to FIG. 7A, the semiconductor package 10q in
accordance with an embodiment may include a semiconduc-
tor stack structure 28 having a plurality of semiconductor
devices 41 to 44 stacked in forms of a unidirectional cascade
on a package board 11. Each of the semiconductor devices 41
to 44 may include first to fourth unit semiconductor devices
41ato41d,42a1042d, 43a 10 43d, and 44a to 44d. Boundary
regions B may exist between the unit semiconductor devices
41a to 41d, 42a to 42d, 43a to 43d, and 44a to 44d. The
semiconductor devices 41 to 44 or the first to fourth unit
semiconductor chips 41a to 41d, 42a to 42d, 43a to 43d, and
44a to 44d may be structurally the same as each other. The
inventive concept described with reference to other drawings
of this specification may be extended and applied to this
embodiment.

Referring to FIG. 7B, the semiconductor package 107 in
accordance with an embodiment of the inventive concept may
include a common buffering device 85. The common bufter-
ing device 85 may be electrically connected to all of the unit
semiconductor chips 41a to 41d, 42a to 42d, 43a to 43d, and
44a to 44d. A description of the buffering pad 86, buffering
wire 62, buffering board pad 18, board wire 13, and board
pads 12 is provided above and is therefore not repeated.

Referring to FIG. 7C, the semiconductor package 10s in
accordance with an embodiment may include individual buft-
ering devices 85a to 85d. Each of the individual buffering
devices 85a to 854 may be electrically connected to unit
semiconductor chips 41a to 44a, 415 to 44b, 41¢ to 44c, and
41d to 44d, respectively, and independently. For example, the
first buffering device 85a may be electrically connected to the
first unit semiconductor chips 41a, 42a, 43a, and 44a, the
second buffering device 856 may be electrically connected to
the second unit semiconductor chips 415, 425, 43b, and 445,
the third buffering device 85¢ may be electrically connected
to the third unit semiconductor chips 41c¢, 42¢, 43¢, and 44c,
and the fourth buffering device 85d may be electrically con-
nected to the fourth unit semiconductor chips 414, 42d, 434,
and 44d. A description of the buffering pad 86, buffering wire
62, buffering board pad 18, board wire 13, and board pads 12
is provided above and is therefore not repeated.

Referring to FIG. 7D, the semiconductor package 107 in
accordance with an embodiment may include a lower stack
structure 291, and an upper stack structure 29U which are
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stacked in a form of a bi-directional cascade on a package
board 11. The various embodiments of the inventive concept
described with reference to other drawings of this specifica-
tion may be further applied to the semiconductor package 10¢
of this embodiment.

FIGS. 8A to 8C are perspective views schematically show-
ing semiconductor packages 110a to 110¢ in accordance with
embodiments of the inventive concept.

Referring to FIGS. 8A and 8B, the semiconductor pack-
ages 110a and 1105 in accordance with embodiments may
include semiconductor stack structures 120 and 121 having a
plurality of stacked semiconductor devices 131 to 134 of
which sides are vertically aligned on a package board 11.
Each of the semiconductor devices 131 to 134 may include at
least two pairs of unit semiconductor chips 131a/1315, 1324/
132b, 133a/133b, and 1344/134b. Boundary regions B may
exist between the pairs of unit semiconductor chips 131a/
1315, 132a/132b, 133a/1335, and 134a/134b. The semicon-
ductor devices 131 to 134 or the pairs of unit semiconductor
chips 131a/1315, 132a/1325, 133a/133b, and 134a/134b
may be vertically electrically connected to each other using
pairs of inter-chip bumps 151a/151b, 152a/1525, 153a/1535,
and 154a/154b. The pairs of inter-chip bumps 151a/1515,
152a/152b, 153a/153b, and 154a/154b may have the same
array at each layer. In other embodiments, the pairs of inter-
chip bumps 151a/1515, 152a/152b, 153a/153b, and 154a/
1545 may have arrays in symmetry with respect to the bound-
ary regions B.

Referring further to FIG. 8A, the semiconductor stack
structure 120 may include semiconductor devices 131 to 134.
Each of semiconductor devices 131 to 134 may include a pair
of unit semiconductor chips (e.g., 131a/1315, 132a/1325,
133a/133b, and 134a/1345b), each of the unit semiconductor
chips of the pair having short edges thereof adjacent to each
other. In other words, boundary regions B may exist between
the adjacent short edges of each pair of unit semiconductor
chips 131a/131b, 132a/1325, 133a/133b, and 134a/1345.

Referring further to FIG. 8B, the semiconductor stack
structure 121 may include semiconductor devices 131 to 134,
each of which includes a pair of unit semiconductor chips
131a/1315, 132a/132b, 133a/133b, and 134a/134b adjacent
to each other at the long edges. For example, boundary
regions B may exist between the adjacent long edges of each
pair of unit semiconductor chips 131a/1315, 132a/1325b,
133a/133b, and 134a/1345.

Referring to FIG. 8C, the semiconductor package 110¢ in
accordance with an embodiment may include a semiconduc-
tor stack structure 123 having a plurality of stacked semicon-
ductor devices 131 to 134 of which sides are vertically
aligned. Each of the semiconductor devices 131 to 134 may
include a group of four unit semiconductor chips (e.g., 131a-
131d, 132a-132d, 133a-1334d, and 134a-134d) arranged in a
form of four quadrants. It will be understood that unit semi-
conductor chips 131¢, 132¢, and 133¢ exist but are hidden in
this view under unit semiconductor chip 134¢. Vertical
boundary regions Bl and horizontal boundary regions Bw
may exist between the unit semiconductor chips 131a-131d,
132a-132d, 133a-133d, and 134a-1344.

As described above, the boundary regions B, Bl, and Bw
may correspond to scribe lanes in a state of a wafer. Accord-
ingly, for example, the boundary regions B, Bl, and Bw may
include a test element group (TEG) or alignment keys.

FIGS. 9A to 9D are side views schematically showing
semiconductor packages 1104 to 110f in accordance with
embodiments of the inventive concept.

Referring to FIG. 9A, the semiconductor package 1104 in
accordance with an embodiment may include a semiconduc-
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tor stack structure 124 having inter-chip bumps 150 arranged
adjacent to an edge of semiconductor devices 131 to 134 oran
edge of unit semiconductor chips 131a-131d, 132a-1324d,
133a-133d, and 134a-134d, with further reference to the
semiconductor package 110a described in FIG. 8A. The
semiconductor devices 131-134 may include through-vias
160. For example, the inter-chip bumps 150 and the through-
vias 160 may be vertically electrically connected in series. A
filler 70 such as an underfill material, a molding material, or
adie attach film may be formed between the package board 11
and the lowermost semiconductor device 131, and between
the semiconductor devices 132 to 134. The lowermost semi-
conductor device 131 may be electrically connected to a
board pad 120 through the lowermost inter-chip bump 150/.
The board pad 120 may be electrically connected to one or
more bump pads (e.g., 140) and one or more package bumps
(e.g., 155) through one or more board wires (e.g., 130).

Referring to FIG. 9B, the semiconductor package 110e in
accordance with an embodiment may include a semiconduc-
tor stack structure 124 having inter-chip bumps 150 arranged
at or toward two opposite edges of semiconductor devices 131
to 134, with further reference to the semiconductor package
1105 described in FIG. 8A.

Referring to FIG. 9C, the semiconductor package 110f'in
accordance with an embodiment may include a semiconduc-
tor stack structure 126 having inter-chip bumps 150 arranged
adjacent to opposite edges of semiconductor devices 131 to
134, or at an edge of each unit semiconductor chip 131a-
131d, 1324-132d, 133a-133d, and 134a-134d, with further
reference to the semiconductor packages 110a to 110c
described in FIGS. 8A to 8C. Boundary regions B may exist
between the unit semiconductor chips 131a-131d, 132a-
132d,133a-133d, and 1344-134d. For example, the inter-chip
bumps 150 may not be arranged adjacent to the boundary
regions B.

Referring to FIG. 9D, the semiconductor package 110g in
accordance with an embodiment may include a semiconduc-
tor stack structure 127 having inter-chip bumps 150 arranged
adjacent to two opposite edges of each unit semiconductor
chip 131a-131d, 132a-132d, 1334-133d, and 1344-1344,
with further reference to FIGS. 8A to 8C. For example, the
inter-chip bumps 150 may also be arranged adjacent to the
boundary regions B.

FIGS. 10A to 10H are views for schematically describing a
method of fabricating a semiconductor package in accor-
dance with an embodiment of the inventive concept.

Referring to FIG. 10A, the method may include forming a
plurality of pairs of unit semiconductor chips C on a wafer W.
A scribe lane SL. may be formed between the pairs of unit
semiconductor chips C. A flat zone FZ may be formed in an
outskirt region of the wafer W.

Referring to FIG. 10B, the method may include separating
individual semiconductor devices 30 having at least two unit
semiconductor chips 30a and 305 (i.e., a pair of unit semi-
conductor chips) by sawing the wafer W. A boundary region
B may exist between the unit semiconductor chips 30a and
305 of the pair. Each pair of unit semiconductor chips (e.g.,
30a and 305) may be horizontally physically contiguous, as
described above.

Referring to FIG. 10C, the method may include installing
the lowermost semiconductor devices 31 on a package board
11. The lowermost semiconductor devices 31 may be parts of
individual separated semiconductor devices 30. Board pads
12 on the package board 11 and chip pads 51 on surfaces of
the lowermost semiconductor devices 31 may be arranged
adjacent to each other.
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Referring to FIG. 10D, the method may include electrically
connecting the board pads 12 of the package board 11 and the
chip pads 51 of the lowermost semiconductor devices 31
through bonding wires 60.

Referring to FIG. 10E, the method may include stacking
first intermediate semiconductor devices 32 on the lowermost
semiconductor devices 31.

Referring to FIG. 10F, the method may include forming
bonding wires 60 electrically connecting the lowermost semi-
conductor devices 31 and the first intermediate semiconduc-
tor devices 32.

Referring to FIG. 10G, the method may include stacking
second intermediate semiconductor devices 33 on the first
intermediate semiconductor devices 32, forming bonding
wires 60 electrically connecting the first intermediate semi-
conductor devices 32 and the second intermediate semicon-
ductor devices 33, stacking the uppermost semiconductor
devices 34 on the second intermediate semiconductor devices
33, and forming bonding wires 60 electrically connecting the
second intermediate semiconductor devices 33 and the upper-
most semiconductor devices 34. Semiconductor stack struc-
tures 20 may be formed by the above processes.

Referring to FIG. 10H, the method may include separating
individual semiconductor packages 10 having one of the
semiconductor stack structures 20 by sawing the package
board 11. Before or after performing this process, a molding
material covering the semiconductor stack structures 20 may
be formed.

By performing the above processes, the semiconductor
package 10a in accordance with an embodiment may be
formed. Methods of fabricating the semiconductor packages
105 to 10¢ may be understood with reference to FIGS. 10A to
10H.

FIGS. 11A to 11C are views for schematically describing a
method of fabricating a semiconductor package in accor-
dance with an embodiment of the inventive concept.

Referring to FIG. 11 A, the method may include separating
the lowest semiconductor devices 131 having two unit semi-
conductor chips 131a and 1315 by performing the processes
described with further reference to FIGS. 10A and 10B, form-
ing the lowermost inter-chip bumps 150/ on a bottom of the
lowermost semiconductor devices 131, and installing the
lowermost semiconductor devices 131 on a package board
11. Each of the lowermost semiconductor devices 131 may be
electrically connected to the package board 11 using the
lowermost inter-chip bumps 150/. The lowermost inter-chip
bumps 150/ may include a solder ball or a metal pillar. An
underfill material surrounding the lowermost inter-chip
bumps 150/ may fill between the package board 11 and the
lowermost semiconductor devices 131.

Referring to FIG. 11B, the method may include stacking
first intermediate semiconductor devices 132 on the lower-
most semiconductor devices 131, stacking second intermedi-
ate semiconductor devices 133 on the first intermediate semi-
conductor devices 132, and the uppermost semiconductor
devices 134 on the second intermediate semiconductor
devices 133, thereby forming semiconductor stack structures
120. Each of the semiconductor devices 132, 133, and 134
may be electrically connected using inter-chip bumps 150. A
filler or an adhesive material surrounding the inter-chip
bumps 150 may be interposed between the semiconductor
devices 132, 133, and 134.

Referring to FIG. 11C, the method may include separating
individual semiconductor packages 110 having one of the
semiconductor stack structures 120 by sawing the package
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board 111. Before or after performing this process, a molding
material covering the semiconductor stack structures 120
may be formed.

FIG. 12A is a view schematically showing a semiconduc-
tor module 2200 including at least one of the semiconductor
packages 10a to 107 and 110a to 110g in accordance with
various embodiments of the inventive concept described
above. Referring to FIG. 12A, the semiconductor module
2200 may include one of the semiconductor packages 10a to
107 and 110a to 110g in accordance with various embodi-
ments of the inventive concept mounted on a semiconductor
module substrate 2210. The semiconductor module 2200 may
further include a microprocessor 2220 mounted on the mod-
ule substrate 2210. Input/output terminals 2240 may be
arranged on at least one edge of the module substrate 2210.

FIG. 12B is a block diagram schematically showing an
electronic system 2300 including at least one of the semicon-
ductor packages 10a to 107 and 110a to 110g in accordance
with various embodiments of the inventive concept. Refer-
ring to FIG. 12B, the semiconductor packages 10a to 107 and
110a to 110g in accordance with various embodiments of the
inventive concept may be applied to the electronic system
2300. The electronic system 2300 may include a body 2310.
The body 2310 may include a microprocessor 2320, a power
supply 2330, a function unit 2340, and/or a display controller
2350. The body 2310 may be a system board or a motherboard
including a printed circuit board (PCB), etc. The micropro-
cessor 2320, the power supply 2330, the function unit 2340,
and the display controller 2350 may be mounted or installed
on the body 2310. A display 2360 may be arranged on an
upper surface or an outside of the body 2310. For example, the
display 2360 may be arranged on a surface of the body 2310
and display an image processed by the display controller
2350 of the body 2310. The power supply 2330 may receive
a constant voltage from an external power source, etc., divide
the voltage into various levels, and supply those voltages to
the microprocessor 2320, the function unit 2340, and the
display controller 2350, etc. The microprocessor 2320 may
receive a voltage from the power supply 2330 to control the
function unit 2340 and the display 2360. The function unit
2340 may perform various functions of the electronic system
2300. For example, when the electronic system 2300 is a
mobile electronic product such as a mobile phone, the func-
tion unit 2340 may have several components, which can per-
form wireless communication functions, such as output of an
image to the display unit 2360 or output of a voice to a
speaker, by dialing or communication with an external
device. If a camera is installed, the function unit 2340 may
function as an image processor. In other embodiments, when
the electronic system 2300 is connected to a memory card,
etc. in order to expand capacity, the function unit 2340 may be
a memory card controller. The function unit 2340 may
exchange signals with the external device 2370 through a
wired or wireless communication unit 2380. In addition,
when the electronic system 2300 needs a universal serial bus
(USB), etc. in order to expand functionality, the function unit
2340 may function as an interface controller. The semicon-
ductor packages 10a to 107 and 110a to 110g described in
various embodiments of the inventive concept may be
included in at least one of the microprocessor 2320 and the
function unit 2340.

FIG. 12C is a block diagram schematically showing
another electronic system 2400 including at least one of the
semiconductor packages 10a to 107 and 110a to 110g in
accordance with various embodiments of the inventive con-
cept. Referring to FIG. 12C, the electronic system 2400 may
include at least one of the semiconductor packages 10a to 10¢
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and 110a to 110g in accordance with various embodiments of
the inventive concept. The electronic system 2400 may be
used to fabricate a mobile apparatus or a computer. For
example, the electronic system 2400 may include a memory
system 2412, a microprocessor 2414, a random access
memory (RAM) 2416, and a user interface 2418 performing
data communication using a bus 2420. The microprocessor
2414 may program and control the electronic system 2400.
The RAM 2416 may be used as an operation memory of the
microprocessor 2414. For example, the microprocessor 2414
or the RAM 2416 may include at least one of the semicon-
ductor packages 104 to 107 and 110« to 110g in accordance
with the embodiments of the inventive concept. The micro-
processor 2414, the RAM 2416, and/or other components can
be assembled in a single package. The user interface 2418
may be used to input/output data to/from the electronic sys-
tem 2400. The memory system 2412 may store codes for
operating the microprocessor 2414, data processed by the
microprocessor 2414, or external input data. The memory
system 2412 may include a controller and a memory.

FIG. 12D is a view schematically showing a mobile appa-
ratus 2500, which may include at least one of the semicon-
ductor packages 104 to 107 and 110« to 110g in accordance
with various embodiments of the inventive concept. The
mobile apparatus 2500 may include a mobile phone or a tablet
PC. In addition, at least one of the semiconductor packages
10a to 107 and 110a to 110g in accordance with various
embodiments of the inventive concept may be used in a por-
table computer such as a notebook, an MPEG-1 Audio Layer
3 (MP3) player, an MP4 player, a navigation apparatus, a
solid state disk (SSD), a desktop computer, an automobile, or
a home appliance, as well as a mobile phone or a tablet PC.

Since the semiconductor packages in accordance with vari-
ous embodiments of the inventive concept have a stack struc-
ture of semiconductor devices including unified semiconduc-
tor chips, the occupying area of the semiconductor stack
structure and the size of the semiconductor package may be
reduced.

Since the semiconductor packages in accordance with vari-
ous embodiments of the inventive concept have unified semi-
conductor chips, the fabrication process is simplified, and the
semiconductor stack structure has superior physical durabil-
ity.

The foregoing is illustrative of embodiments and is not to
be construed as limiting thereof. Although a few embodi-
ments have been described, those skilled in the art will readily
appreciate that many modifications are possible without
materially departing from the novel teachings and advan-
tages. Accordingly, all such modifications are intended to be
included within the scope of this inventive concept as defined
in the claims. In the claims, means-plus-function clauses are
intended to cover the structures described herein as perform-
ing the recited function, and not only structural equivalents
but also equivalent structures.

What is claimed is:

1. A semiconductor package, comprising:

a semiconductor stack structure mounted on a package
board,

wherein the semiconductor stack structure includes
sequentially stacked first to fourth semiconductor
devices,

wherein each of the first to fourth semiconductor devices
includes a first unit semiconductor chip, a second unit
semiconductor chip, a scribe lane between the first unit
semiconductor chip and the second unit semiconductor
chip, and
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wherein the first unit semiconductor chip, the second unit
semiconductor chip, and the scribe lane are unified at a
wafer-level.

2. The semiconductor package of claim 1, wherein the
scribe lanes of the first to fourth semiconductor devices are
vertically aligned.

3. The semiconductor package of claim 1, wherein the
scribe lanes are parts of a silicon wafer and include silicon
oxide, silicon nitride, and a metal.

4. The semiconductor package of claim 1, wherein top
surfaces and bottom surfaces of the first unit semiconductor
chip, the second unit semiconductor chip, and the corre-
sponding scribe lanes are horizontally flat.

5. The semiconductor package of claim 1, wherein the first
unit semiconductor chip, the second unit semiconductor chip,
and the corresponding scribe lanes are horizontally physi-
cally continuous for each of the first to fourth semiconductor
devices.

6. The semiconductor package of claim 1, wherein the first
to fourth semiconductor devices of the semiconductor stack
structure are stacked in a form of a cascade in a first horizontal
direction.

7. The semiconductor package of claim 6, wherein the
semiconductor stack structure further comprises fifth to
eighth semiconductor devices stacked in a form of a cascade
in a second horizontal direction opposite to the first horizontal
direction on the first to fourth semiconductor devices, and
each of the fifth to eighth semiconductor devices includes a
first unit semiconductor chip, a second unit semiconductor
chip, and a scribe lanes therebetween.

8. The semiconductor package of claim 7, further compris-
ing:

first bonding wires electrically connecting a first board pad

on the package board, a first chip pad of the first semi-
conductor device, a second chip pad of the second semi-
conductor device, a third chip pad of the third semicon-
ductor device, and a fourth chip pad of the fourth
semiconductor device; and

second bonding wires electrically connecting a second

board pad on the package board, a fifth chip pad of the
fifth semiconductor device, a sixth chip pad of the sixth
semiconductor device, a seventh chip pad of the seventh
semiconductor device, and an eighth chip pad of the
eighth semiconductor device.

9. The semiconductor package of claim 1, wherein each of
the first unit semiconductor chip and the second unit semi-
conductor chip comprises four edges and first and second
chip pad arrays arranged adjacent to one of the four edges,

wherein the first chip pad array of the first unit semicon-

ductor chip is structurally the same as the second chip
pad array of the second unit semiconductor chip.

10. The semiconductor package of claim 9, wherein the
package board comprises a first board pad array having the
same arrangement as the first chip pad array, and a second
board pad array having the same arrangement as the second
chip pad array.

11. The semiconductor package of claim 10, wherein an
Nth board pad of the first board pad array of the package
board, an Nth chip pad of the first chip pad array of the first
unit semiconductor chip of the first semiconductor device, an
Nth chip pad of the first chip pad array of the first unit
semiconductor chip of the second semiconductor device, an
Nth chip pad of the first chip pad array of the first unit
semiconductor chip of the third semiconductor device, and an
Nth chip pad of the first chip pad array of the first unit
semiconductor chip of the fourth semiconductor device are
electrically connected.
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12. The semiconductor package of claim 11, further com-
prising a buffering device electrically connected to the Nth
board pads and all of the Nth chip pads.

13. A semiconductor package, comprising:

a semiconductor stack structure mounted on a package
board,

wherein the semiconductor stack structure includes
sequentially stacked semiconductor devices which are
structurally the same as each other,

wherein each of the structurally same semiconductor
devices include a plurality of unit semiconductor chips
and a scribe lane between the unit semiconductor chips,

wherein each of the plurality of unit semiconductor chips is
structurally the same as each other, and

wherein the plurality of the structurally same unit semicon-
ductor chips and the scribe lane included in one semi-
conductor device from among the semiconductor
devices, are unitary and physically continuous with each
other.

14. The semiconductor package of claim 13, wherein the
semiconductor stack structure is in the form of a unidirec-
tional cascade.

15. The semiconductor package of claim 14, further com-
prising at least one of a control device and a buffering device
disposed on an upper surface of the package board in a shady
area of the semiconductor stack structure.
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16. The semiconductor package of claim 14, further com-
prising a control device and a buffering device disposed on an
upper surface of the package board adjacent to the semicon-
ductor stack structure.

17. The semiconductor package of claim 16, wherein:

the control device includes a control pad,

the package board includes a control board pad, a board

pad, and a board wire,

the control pad is electrically connected to the control

board pad through a control wire, and

the control board pad is electrically connected to the board

pad through the board wire.

18. The semiconductor package of claim 17, wherein:

the board pad is referred to as a first board pad,

the board wire is referred to as a first board wire,

the buffering device includes a buffering pad,

the package board includes a buffering board pad, a second

board pad, and a second board wire,

the buffering pad is electrically connected to the buffering

board pad through a buffering wire, and

the buffering board pad is electrically connected to the

second board pad through the second board wire.

19. The semiconductor package of claim 1, wherein the
scribe lane comprises test element groups (TEG) and align-
ment key patterns.

20. The semiconductor package of claim 13, wherein the
scribe lane comprises test element groups (TEG) and align-
ment key patterns.



